Isolation and structural elucidation of a novel 4-5-5 linearly fused tricyclic sesquiterpene hydrocarbon kelsoene 1, from the tropical marine sponge Cymbastela hooperi collected at Kelso reef, Great Barrier Reef, Australia, was reported in 1997 by Konig and Wright on the basis of incisive spectral analyses. 1 In 1998, 1 was encountered in an entirely different source, the suspension cultured cells of liverwort Ptychanthus striatus (Lejeuneaceae), seemingly having no phylogenetic relationship with the tropical marine sponge.
2 The uncommon tricarbocyclic skeleton of 1 has been shown 2a,b to be biosynthesised from farnesyl pyrophosphate through the intermediacy of germacradienyl and alloaromadendranyl cations. The novel structural features, as well as the interesting biosynthetic origin, aroused our interest in the synthesis of 1 and we have recently achieved 3 its stereoselective total synthesis in racemic form, which fully reaffirmed the assigned stereostructure. Considering that the hydrocarbon kelsoene was not particularly amenable to chiro-optical or NMR probes for configuration determination, we have been concurrently pursuing an enantioselective synthesis of this natural product. However, in a recent communication, Nabeta et al. 4a have reported the determination of the absolute configuration of kelsoene through incisive NMR studies employing a new axially chiral reagent (2%-methoxy-1,1%-binaphthalene-2-carbohydroximoyl chloride, MBCC) 4a,b and formulated it as shown in ent-kelsoene (−)- 1. 4b In this communication, we describe our efforts towards the syntheses of (+)-and (−)-kelsoene 1 from enantiomerically pure C 2 -symmetric diquinane diones (−)-2 and (+)-2, respectively, and show that the absolute configuration assigned earlier 4a to the natural product needs to be reversed and the naturally occurring kelsoene should be correctly represented by (+)-1. results were obtained when the transesterification of rac-3 (monitored by GLC) was stopped at 40% conversion to (+)-4, to furnish a chromatographically (SiO 2 gel) separable mixture (42:40:18) of (+)-3, (+)-4 and (+)-5, respectively. 5 This outcome of enzymatic kinetic resolution was quite satisfying from preparative and enantiomeric purity considerations and readily made available precursors of both the enantiomeric series required for our projected synthesis. While the oxidation of (+)-diol 3 furnished the C 2 -symmetric (−)-dione 2 directly, hydrolysis and oxidation of the (+)-diacetate 4 led to the enantiomeric (+)-dione 2 (Scheme 2). The absolute configuration of chiral dione 2 and diol 3 has been determined previously. 5, 6 The (−)-dione 2 was elaborated to the natural product kelsoene essentially following the route previously outlined by us 3 through the intermediacy of the bicyclic a,b-unsaturated enone (+)-6 and the tricyclic enone (+)-7 (Scheme 3). The key step towards the generation of the tricyclic skeleton of kelsoene was the photochemical [2+2]-photocycloaddition of 1,2-dichloroethylene to (+)-6 from the convex-face and dehalogenation to furnish the cis,anti,cis-fused 5-5-4 ring system (+)-7. Stereoselective transformation of the carbonyl functionality in (+)-7 to an isopropenyl group delivered (+)-kelsoene 1, [h] The spectral characteristics ( 1 H and 13 C NMR) of our synthetic sample were exactly identical with the natural product.
1 Thus, the natural product kelsoene has the absolute configuration depicted in (+)-1.
Initially, not having any inkling of the absolute configuration of the natural product, we also elaborated (Scheme 4) the enantiomerically purer (>99% ee) dione (+)-2 to ent-kelsoene 1, [h] D 25 −76.9 (c 0.78, CHCl 3 ), following the synthetic theme depicted in Scheme 3. This sequence further fortified our deduction of the absolute stereochemistry of the natural product kelsoene.
In short, we have outlined an enantioselective syntheses of the tricyclic sesquiterpene hydrocarbon kelsoene (+)-1 and its enantiomer (−)-1, which establish the complete stereostructure of the natural product as (+)-1 and necessitates the revision of the recently assigned 4 absolute configuration.
